Mathematical modeling: a multidimensional vehicle allotment problem, 1978 by Washington, Don L. (Author) & Harris, Sidney (Degree supervisor)
MATHEMATICAL MODELING: A
MUTIDIMENSIONAL VEHICLE ALLOTMENT PROBLEM
A THESIS
SUBMITTED TO THE FACULTY OF ATLANTA UNIVERSITY
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS









It is appropriate for me to begin my acknovrledgments
with an expression of greatly appreciated gratitude to At
lanta University which has provided me with an opportunity
and scope of the over-views of a good education, fulfilling
my goals towards graduating in mathematics.
My thanks go to Dr. Sidney Harris, Applied Mathematician
at Atlanta University for his kind consideration, and thought
provoking and valuable guidance in the writing of my thesis.
I wish also to record two other people who took the
time to give me advice and guidance along the way, they are
Dr. N.A. Warsif Professor of Mathematics and Professor Ruth
A. Loyd, Professor of Computer Science correlating with the
Department of Mathematics, both of whom are instructors at
Atlanta University,
My very special thanks are due to Professor J.L. Houston,
Chairman of the Department of Mathematics, for his continuous
encouragement and frequent valuable advice during the com
pletion of this work. His modest nature provided me with
all the inspiration to seek his assistance whenever he was
available,
I am also indebted to the authors of various books which
I have consulted very freely during the course of the writing
of this thesis. The vast knowledge available from these
reference materials has gone a long way to make this thesis
more meaningful.
Last, but not the least, I wish to record my appre
ciation to Martin Edelstein and Myron Melnyk for their special
model entitled, "The Pool Control System," The use of their
model entails Chapter III.
APPLIED
Washington, Don L, B.S., Lane College, 1977
TRANSPORTATIONAL PROBLEM
Advisor: Dr. Sidney Harris
Master of Science degree conferred
Thesis dated July 5, 1978
In 1941, F,L. Hitchcock presented a study entitled
"The Distribution of a Product from Several Sources to Nu
merous Localities." This remarkable presentation of a busi
ness application is considered to be the first important
contribution to the solution of transportation problems.
Later in 1947 T.C. Koopmans presented a study under the title
of "Optimum Utilization of the Transportation System."
Transportation problems can be considered a subclass
of those models that are applied to solve problems in which
there are several activities to be enacted with the proba
bility of making a selection among them when the resources
are limited. In other words, the problem is to find the way
to obtain maximum profit or minimum cost in combining acti
vities and resources.
Limited facilities represent tangible, real and mea
surable situations, such as fixed production capacity; res
tricted quantity of material, time and equipment; or any
other sort of fixed means for manufacturing output,
versely, the amount of work that has to be done, using those
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The application of mathematical methods to a precisely
formulated problem is one example in the application of
mathematics. One of the most important ideas that has come
through applied mathematics is that of modeling. Mathe
matical modeling is the process of mathematically representing
a system under observation. The representation can be in
the form of mathematical symbols, photographs, a blueprint
or a three dimensional scale reproduction. There are a few
examples of characteristic models in use. When one thinks
in terms of developing a model to represent a real world
situation he should think in terms of five important factors:
I. Identification of the problem
II. Formulation of a mathematical model
III. Solution of the mathematical problem
that arises in the study of the model
selected
IV. Development of algorithms and associated
computer programs for relevant computations
V. Explanation and interpretation of the re
sults in the context of the original problem
and the communication of this information to
the interested audience
The transportation problem which is the conveyance of
people from one place to another is broken down into several
sections for this particular multidimensional problem. The
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allotment of vehicles are of such a nature that vehicles are
distributed among the various facilities available. The
maximum amount of cars allotted depends on the rate at which
cars already at those facilities are bought, rented or are
being serviced.
The contribution that I make to the transportation prob
lem does not include a new method by which these types of
problems can be solved, but my contribution concerns the idea
of taking a real world problem (that is to say, a problem
that exists physically) and formulate how different authors
can take one specific problem and narrow it down so that
people with at least a high school education can figure out
what is actually being done in the area of solving transpor
tation problems with the concept of mathematical modeling.
CHAPTER I
Section 1.1
A transportation problem is a problem of conveyance of
people and things from one place to another. In the trans
portation type problem there are often needs to set up
specific guidelines on which to follow. The cost function
can be broken up into three parts: the threshold costs of
existence, cost of owning and maintaining in good condition
facilities and equipment and cost of operating and producing
transportation capacity. The threshold costs are fixed costs.
For example, the annual license fee for owning and running
a private automobile is a threshold cost of being a private
motorist. It is also customary to regard the second category
of cost as being fixed. These costs represent investment in
potential capacity. Some are more fixed than others. The
last component represents variable costs associated with the
amount of transportation capacity produced for sale.
The behavior of this three-part cost function is a
dominant factor in the operation of transportation systems.
The first two components, considered as fixed costs, contri
bute less and less to the overall cost of every unit of
capacity offered as the total production is increased. That
is, their influence declines as the utilization of the po-
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tential capacity of the system is increased. However, the
variable costs behave differently. It is a characteristic
of transportation systems that the total cost of increased
production increases as the utilization of potential capacity
increases.
The revenue earned by a transportational enterprise is
of course determined by the amount of the capacity offered
which it is able to sell, and the price at which it is able
to sell it. Now in a simple world the proportion of capacity
offered which the enterprise would sell would be determined
very largely by the competitiveness of its prices for any
given quality of service, subject to the demand existing.
The real world is not like that. The rates which transpor
tation systems are allowed to charge are in general very
strictly regulated by Intra Industry bodies such as state
and governmental Transportation Departments and Interstate
Commerce Commissions. The amount of traffic which any one
enterprise is able to attract is determined by
1. the share of the market for the type of transpor
tation it provides which it is able to win from
similar enterprises, through a competition taking
the form of better service at the same prices; and
2. the share of the total transportation market which
that type of transportation is able to win through
both service and price competition with other forms
of transportation.
It may be said that transportation models belong to
the "assignment" type of problems (that is cars shipped to
various locations) but not all transportation problems fall
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in this category. For instance, a factory, as the only pro
ducer of a commodity which distributes to many agencies may
have a cost problem which can be solved by selecting a dif
ferent means of transportation. In this case the alternate
choice lies in the way of shipping the products from the sole
source of supply to the various agencies. The solution is
immediately found by choosing the cheapest or most convenient
means of distribution.
All transportation-type problems are characterized by
the certainty of the data and measurements related to the
problem itself. A transportation model becomes applicable
when two or more sources of supply are distributing one com
modity to two or more receiving points. The decision problem
conducted under certainty, is to select the best strategy
for distributing products which meets the requirements of the
receiving units. Generally the objective is to minimize to
tal distributing costs. The certainty pertains not only to
the quantities requested and produced.
Among the many problems to be solved in an enterprise,
those pertaining to three or more variables have a certain
chance of being analyzed by operational research methods in
general and by linear programming techniques in particular.
Within the area of transportation-type problems, those per
taining to the distribution of differentiated products from
several plants to several dealers are very often encountered.
This is provacative of an N-dimensional type problem.
Section 1.2
A transportation problem is referred to as a multi
dimensional problem when more than two products are contem
poraneously considered to be shipped according to demand and
when each product has a different cost. The linearity of
the behavior of the cost must be present and valid.
A multidimensional problem of N-dimensions has several
constraints impressed on it. Some of its constraints included
in the application of the problem are locations or origins,
type of service and servicing, availability, rate of arrival,
input, output, time spent using the product, type of product (s),
type of model, kind of events and the type of system. Each
of these factors are dealt with during different phases of
the actual problem solving.
In many of the transportation type problems locations
and origins are looked at in the beginning of the problems.
Incorporated in these problems are several origins and several
destination points which are fixed; each facilitating the same
type of service. The task here will be to allocate two types
of automobiles for a rental service, so as to minimize the
total cost of providing transportation. Each origin will be
in connection with the next. The two types of vehicles to
be used consist ot compact and full-size models. Under each
of these models will be listed several other vehicles according
to its specifications. For example the Pinto, Monte Carlo,
Cutlass Supreme will be listed under compact and the Cadillac,
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Eldorado, Lincoln will be listed under the full-size model.
The type of service and servicing will be looked upon
as being restricted entirely. For every Hertz rent a car
station there will be a customer service counter. At each
of these counters the attendants will make reservations for
those who want cars, give out information and receive cars
from customers arriving from one of the Hertz check points.
Servicing will be restricted to only one origin per city or
large town. Minor servicing like changing oil, filter, lube
job, tire check and cleaning will be done at the individual
locations. Customers needing extensive repairs on their ve
hicles will be able to use other models for their convenience.
The availability of cars depends on the number of cars in
stock. Every Hertz dealer will be allocated the same amount
of cars unless the demand in that particular area is very
high.
The type of model to be constructed would take the form
of a discreet model, because of its fixed origins and the
way the vehicles go from point to point in time. A problem
of this sort represents a real life situation. For instance
real situations present a problem in the rent-a-car business
when you have customers renting items at a certain rate. The
rate at which you rent something will depend largely on your
product, and how valuable it is to the customer.
There are many other constraints that could be talked
about in a problem of this size, but the ones mentioned are the
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main ones. Even though many other constraints exist, a
transportation problem of this type could not possibly be
solved with all of the constraints considered. There will
be some other questions asked and attempted to be solved
later as the problem begins to take form. For example, "Can
you bring new cars into the system?," "How many people have
refused the cars because they were not available?," "How
long does it take to service an auto?," and "What kind of
output will you get out of the system?" These questions and
more will be raised and attempted to be solved as we go
through the actual technique of solving transportation prob
lems of this nature.
CHAPTER II
The formation of a transportation problem involves
various techniques for solving typical transportation prob
lems. We limit our formulation to the problem of selecting
optimum programs for distributing a homogeneous commodity
where Si units are located at the origin Oi and dj units are
required at destination Dj, the cost associated with the
transportation of a single unit from oi to destination Dj
is denoted by Cj and we desire to minimize
d = X Xc\C-M the total costs of dis-
tribution when supply equals demand. If supply is less than
demand and no preferential destinations exist, then we may
introduce enough fictitious supplies at imaginary locations
to meet demands assuming that these can be distributed with
out cost, and proceed as if supply and demand were equal.
Thus the restriction of supply equal to demand does not limit
the applicability of the method developed. The variable Xij
designates the quantity of supply moved from Oi to Dj, and
consequently 2* ^tj = «-><. j 2i, ^l = Zu clj
The complexity of the distribution problem is increased
because it has both a "time-dimension" and a "city dimension."
Decisions cannot be made just for one day or for one city.
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The planning horizon must extend well beyond the current day.
Arrangements for large transfers of vehicles from one city
to another must generally be made days in advance. Demand
control options must be implemented well before the trouble
period if an overall situation is to be prevented in time.
There is always the possibility that a short-term solution
aimed at remedying a city's current situation could later
prove harmful for other cities.
The problem is further exacerbated by the fact that
the most critical determination of all, available capacity,
is highly complex and uncertain. Unlike airline capacity
(i.e. the number of seats on the plane) which is a fixed,
known quantity for any day in the near future, rental car
capacity is in a constant state of flux. New cars are always
being installed and other cars retired. Cars are continuously
going in and coming out of shops or being moved from city to
city. But more importantly, at any given point in time, the
available fleet is being depleted by new rentals and re
plenished by vehicles returned from previous rentals (check-
ins) . The capacity in a given city on any day in the planning
horizon, then, depends primarily on:
(i) rentals that already occurred and the check-ins
generated by those rentals from the given city on
the given day.
(ii) rentals that are yet to occur and the check-ins
to be generated by those rentals.
Both (i) and (ii) are affected by distribution policies al
ready implemented while (ii) depends on future decisions as well.
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In addition, because of the Hertz "Rent-It-Here,
Leave-It-There" policy, current and future rentals can occur
anywhere and return anywhere. Along with the impact of dis
tribution-imposed intercity vehicle transfers, the relation
ship between pool cities resulting from customer flow must
be directly accounted for. No decision can readily be made
for any one city without explicitly considering the other
cities to which it is related.
In a typical week, the demand, check-in and rental
cap-city levels for a given city might look like the curves









where D]_f D2,...f D7 represent consecutive days of the week.
For most major commercial airports, D^ would be Sunday
or Monday while for many downtown and suburban locations Di
would be Wednesday or Thursday. The shaded region C represents
the "critical period" for a city when demand potential comes
close to or exceeds capacity. The distribution decision aims
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at either raising the capacity curve through vehicle transfers
or, if necessary, lowering the demand curve in order to
eliminate the critical region. Even during a noral business
period, the set of curves for each city can vary significantly
from week, to week both in magnitude and shape. As a result,
the nature, size, and severity of the critical period will
also differ. A set of distribution decisions that work well
one week might not be appropriate for the next week.
A number of factors are responsible for this lack of
stability. Demand potential is highly sensitive to the level
of business activity in a given city, the number of conventions,
seasonality, the weather, and the capacity of the competition.
Check-ins, in turn, are directly affected by the level of
rentals and the length of those rentals in each city during
the current and prior weeks. Capacity depends to a large
extent on demand and check-ins. In addition, the unstallation
and removal of vehicles are influenced by supplier commitments
and other external factors and rarely follow a weekly pattern.
Also, the capacity level of any day during a weekly cycle is
clearly linked to the capacity level at the start of that
cycle. Because of all the varied fluctuations affecting fleet
capacity, the startup value varies from week to week. Further
more, a certain perturbation could completely alter the nature
of the set of curves. The sudden closing of an airport in
one city, competition running out of cars or copping reser
vations ("going off-sell"), local transportation strikes,
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extended business conventions, etc., all abruptly impact the
size and severity of the critical period. Consequently, even
during a so called normal business period, the decision process
must be approached anew with only limited help from prior
history. During a special event period, the set of curves
is determined by the unique characteristics of the event. The
Christmas and February winter peaks in Florida, the Presiden
tial Inauguration, Super Bowl, the Olympics, the summer peaks
on the West Coast are all examples of special event periods.
Because of the high level of demand, the generally longer
length of rentals and the special customer considerations in
volved in these peak events, proper planning and execution of
the distribution function can often make the difference be
tween high profits and missed opportunity.
CHAPTER III
Hertz Rent-A-Car operates a substantial fleet of ve
hicles in more than 100 rental cities in the U,S. and Canada.
Most of the important field operations are organized on a pool
basis. In a pool, a group of cities, each run by its own
management, shares a fleet of cars. The Pool Control System
(PCS), a timeshare based model-oriented system helps answer
these questions for each city for the next few days: How
many cars will be needed? How many cars will be available
or can be moved in from other pool cities? How many reser
vations can be accepted? How will the actions taken for any
day effect future days and other cities? The fluctuation is
demand, the disparities in customer characteristics from city
to city and day to day, and the interdependencies that exist
between cities are accounted for by the PCS model which pro
vides a detailed picture of the pool for the coming week.
Assumptions can be easily modified to yield different pictures
so that alternate strategies can be fully evaluated.
PCS is run daily by local management in the major pools
representing some 50 cities and over 60% of Hertz1 domestic
car rental fleet.
It has been used most successfully in handling the Super
Bowl, the Florida winter season, the Montreal Olympics, the
14
15
West Coast summer peak and major conventions. Dramatic
improvement in fleet utilization and control, as well as
customer satisfaction, have all been attributed to the
system. In a more general way, the basic concepts under
lying PCS have impacted management's approach to decision
making at all levels.
The system is part of the daily routine in each of the
pools. The figure below describes the basic information flow,
Data responsibility is allocated to each city and to dis
tribution. The first thing each day, every city manager
completes a form which includes actual data from the prior
day and projections for the next seven days for his city.
This data is first verified at the city and then telecopied
to the distribution manager. The distribution manager also
completes a form which contains actual and projected distri
bution related information. All of the data is then checked
for reasonableness and consistency, and input to PCS via a
time-sharing terminal.
THE FLOlO OF JAfFORhATJOA/
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During data entry, PCS performs additional validations
and consistency checks. Once all the data problems are re
solved with the appropriate managers, a report is produced
providing a picture of each pool city for the next seven days.
If forthcoming shortages appear, alternative courses of action
(involving intercity vehicle movement or some demand control
options on both) are fed to the PCS model. In seconds, a new
seven-day picture is produced showing the impact of the various
proposals on each of the cities. The trade-offs are evaluated,
and the agreed-upon approach is recorded in the system. Each
city then receives three reports: a detailed forecast of the
week ahead reflecting the accepted-distribution policy, a set
of statistics to assist in preparing the next day's form, and
a variance report which compares actuals to projections for the
prior day. Even in the larger pools, the entire cycle from
data transmission to report generation is completed before noon.
Of course, if special contingencies develop, the cycle can be
reinitiated several times during the day with any or all of
the pool cities.
The information required by PCS (for both city managers
and the distribution manager) falls into two broad categories,
data related to customers.
City fleet variables:
IDL The "opening idle" for the current day is the
number of cars available for rental at the start
of the day.
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AF These are noncustomer related fleet adjust
ments and equal the net effect of new
deliveries, vehicle deletions, and cars
coming in and out of the repair shop. AF
is provided both as an actual and as a pro
jection.
City customer variables:
CHK The number of cars that checked in at the
city on the prior day, by renting city.
All cars rented in a city outside of the
pool are grouped into a "foreign" category.
CHK is an N + 1 component vector, where N
is the number of pool cities. It is de
fined as an input variable, only for the
prior day.
RNT The number of rentals that actually took
place on the prior day.
DMND A projection of demand potential for the
current and future days.
LFE The percentage of rentals due back in the
pool on the same day, two days etc., up to
28 days. Rentals due back any time outside
of the pool are lumped into a "leave" cate
gory. For the prior day, LFE is based on
customer information supplied at the rental
counter. It is projected for the current
day and future days.
DCR The distribution of completed rentals. Com
pleted rentals on a given day for a given
day is simply the number of the city's cus
tomers returning anywhere in the pool on
that day. DCR is an N-component vector
indicating the percentage that will be re
turning to the rental city ("the recoupment
percentage") and to each of the other pool
cities. DCR is defined as an input variable
only for the current and future days.
Distribution fleet variables:
CCA Car Control Adjustments - this is an N-
component vector reflecting the net ef
fect on each of the pool cities of pre
arranged vehicle transfers between the
pool and cities outside of the pool. CCA
is provided as an actual and projections.
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ICT Inner-City Transfers - this is an N-component
vector reflecting the net effect on each of
the pool cities of prearranged vehicle trans
fers within the pool. The components of ICI
should always sum to 0. For the prior day,
ICT denotes the implementation of previous
distribution decisions. For the current and
cuture days, it is a key policy variable.
Distribution customer variables:
FC Foreign Check-ins - the number of customers who
rented outside the pool, who will be returning
cars somewhere in the pool.
DFC Distribution of Foreign Check-ins - this is an
N-component vector indicating the percentage of
these customers returning to each of the pool
cities. Both FC and DFC are input variables
defined for the current and future days only.
DMND Demand potential is defined as an input variable
for the city manager. For distribution, it is
a policy variable used to simulate the effect
of imposing demand control options on the cities.
Let ko denote the current day, and N the number of pool
cities. For each pool city, C and day d^-to. Let CAPcd de
note rental capacity. Using the notations already presented
earlier,
(1,
where CHK A is the number of city n's customers who will
CllQ
check in at city c, and DFCcd denotes the percentage of
foreign check-ins due at city c.
Equation (1) simply says that rental capacity for a
city equals what it started with, adjusted by all possible
noncustomer related fleet movements, plus check-ins from pool
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and nonpool customers. Each term in (1) is an input variable
supplied either by city c or distribution, except for
when d> io and CHKcnd fQr d > ±Om
For any day to K - ^ L °* ,if we define
Min (cAlpct i'^'1^) then ±VL^ is determined by
This says that the opening idle on any day equals what was
left over from the day before.
The computation of CHKncd is a bit more complicated.
We first define, for each city NiN=li—^K^
(3) v
where the second term in the summation denotes the percentage
of customers renting in city n or day d-1, that are due back
in the pool in i days. For I> <> J ~ "to, both RNT and LFE
are based on projected input variables provided by city n's
manager, while for c>d-lo , RNT is an actual and LFE is
nased on customer supplied information given at the time of
rental. £*„<{ represents city n's "in-pool completed ren
tals" on day d, that were rented prior to day d.
Ley city n's check-in contribution to city c from ren
tals originating prior to day d be denoted by ctfK^. Then
where ^C)^C/K| is the percentage of city n's completed rentals
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on day d that will check in at city c.
Let c^pcjt denote city c's rental capacity, excluding
any check-ins that were rented on day d. £-APc4 satisfies
equation (1) with CHK replaced by C. i-\ K .
Then city n's total "in-pool completed rentals" on day
d, C-^rU , is determined from
where R^U ' r""1 <- <^, 5>"*1^ ) , and U?EQnd is simply
the percentage of rentals on day d due back in the pool the
same day. The assumption made here is that no car will be
rented more than twice on a given day. Finally, ^K^ is
given by
(6) cWK = CfU • *c««J
which completed the necessary computations.
The model equations might be computationally difficult,
but conceptionally they are easy to follow. The approach,
however, rests on three basic assumptions.
(i) LFE data supplied by the customer is a good
estimate of rental life. Those returning
early are offset by those returning late.
(ii) For any day tk * to, ^cd is generally indepen
dent of moderate changes in RNT
(iii) ^>cf^cnX is generally independent of moderate .
changes in cR^jj or, in turn, *A>7n6 } i. £cl,
for any city n.
The effect of (i) is to make it unnecessary to reconsider LFE
for t *. to. Both (ii) and (iii) guarantee that LFE and DCR
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can be kept fixed while evaluating alternate distribution
policies as long as extreme shifts in RNT and CR are not
encountered.
All three assumptions were validated during the initial
pilot installation of PCS in a major pool location. Since
then, our experience in implementing the system around the
country has confirmed the general validity of the assumption
regardless of the size and number of pool cities or the
leisure-commercial mix of the market.
An Illustration Using the System
City A is a big city airport with a stronger rental
volume during the week than on the weekend. This week's
commercial business is expected to be heavier than usual.
In addition, a major one-week convention is scheduled to
begin on Saturday. City B is a downtown location near the
airport whose rental activity normally picks up by Thursday
and Friday. B will also be affected by the convention. City
C's rental pattern is characterized by both a large number of
commercial rentals on Monday through Thursday and significant
leisure activity on the weekend. Because of its distance from
the other two cities, the convention will have no impact on
C. All data for the coming period has been very carefully
scrutinized and revised through consultation with all levels
of management. Based on the best information available, the
model depicts the situation shown in Fig. 1. For simplicity
the values of &F and CCA have been omitted.
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Critical regions for A occur during the beginning and
end of the week. The implication of the critical region is
that on Tuesday, for example, no more than 492 rentals can be
made at city A under current conditions. City B develops a
much smaller critical region on the weekend only, C is in a
comfortable position at this time. Based on the model run,
management decides that some plan of action is necessary to
control the business for the coming period. Two alternate
strategies are considered feasible:
1. Stragegy 1 involves moving cars from B to A.
Demand would be controlled at A for the next
few days and from Saturday on into the follo
wing week. B's demand would be controlled
for the entire period. C would be left along.
2. Strategy 2 encompasses strategy 1 and, in ad
dition, involves curtailing C's business via
demand control in order to free up cars for
movement into A. Both strategies involve
moving cars from B to A even though B develops
a greater critical region in the process. Two
factors support the viability of this policy.
The transfer is good from a utilization point
of view since B's cars are used earlier and
more frequently than they would be if they
were allowed to remain at B all week long.
Secondly, market share, as well as providing
a high level of airport customer service, is
always a high priority concern.









MON TUES WED THU FRI
527 148 0 0 63
286 428 573 620 767
65 50 0 0 0
898 625 573 620 839
750 700 605 557 600


















































































































Figure 2 displays the impact of the distribution poli
cy of strategy 1 with no demand control. A's critical re
gion was reduced significantly and B's critical region was
expanded as expected. The magnitude of the decrease in the
critical region at A and the magnitude of the increase in
the region at B is surprising. Reducing availability on
Monday and Tuesday at B by 115 cars creates additional short
ages of at least 203 cars starting on Thursday. Reducing
availability reduces rentals which decreases future check-
ins which in turn affects availability. These same 115 cars
moved to A decreases the shortage there by 286.
Moving cars alone does not eliminate the critical re
gions. Some demand control is required. Figure 2 indicates
one feasible demand control option which involves reducing
demand by the indicated shortages each day. This may not be
ideal. Current reservation levels, the reservation build
up rate, the no-show factor, and the level of walk-up acti
vity must be considered in developing alternative demand-
control options. The PCS model is then used to evaluate the
timing and magnitude of the proposed control methods.
Now let us examine the second strategy. Normally,
fleet transfers from C to A are not practical because of dis
tance (and the resulting high transfer costs) and utilization
considerations. A's business level tends to decline on week
ends, and some cars brought to A from C will sit idle during
this period. Since C's rental activity is fairly even during
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the week, this is not as likely to occur if the cars are
kept at C. This weekend, however, A is not expected to have
any slack. Management must perform a trade-off analysis to
determine the desirability of following strategy 2. In ef
fect, is the combined cost of moving cars to A (and possibly
back at some future date) and controlling demand at C offset
by the importance of the customers at A and the market share
considerations of the city?
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CITY A
FIGURE 1. THE. FIRST LOOK
MON TUES WED THU FRI SAT SUN
450 430 570 460 350
0 0 14 167 0
518 571 743 274 419
ooooo
518 571 767 446 419
605 557 600 490 600
















































237 244 296 159 123
115 158 245 163 119




























































Figure 3 represents the impact of moving an additional
50 cars from C to A. A critical region with a total of 25
cars develops at C while the total size of the shortages at
A is reduced by 118. Moving 50 cars from C to A allows for
a net increase in total pool rentals of 98 for the coming
week. This means that 98 additional customers can be ser
viced. However, demand at C will have to be controlled
somewhat this week and probably next week as well.
Finally the management decides to adopt the compro
mise strategy of Figure 4. Twenty-five cars will be trans-
fered from C to A today with a possible 25 additional cars
to be moved tomorrow. That will depend on whether or not
A achieves its demand potential today (750 rentals), the
rate and magnitude of build-up of A reservations for the con
vention, and other factors. In the interim, demand must be
controlled in each of the cities as shown by the revised de
mand levels. Additional reservations and walk-up rentals
will be restricted for each of the cities for each day of
its critical region, consistent with the overall decision.
28



























































































































































At this point, a detailed report reflecting the cur
rent distribution and demand control policy is telecopied to
each city. Management at each city examines the report, re-
validates the assumptions behind it, and monitors the situa
tion closely throughout the day. Any drastic change in an
ticipated patterns will be reported immediately, and the cur-
29
rent strategy will be re-evaluated and adjusted using the
model.
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Through the investigation of the general transporta
tion problem it was intentionally the aim not to disclose
one particular solution technique for solving the trans
portation problem. Rather it was the intent of this paper
to introduce various methods of which the problem could be
solved, but without numerical variables. The use of alpha
betic symbols were used to take the place so that no solu
tion could actually be worked out. The multidimensional
problem was shaped into a form of recognizable shape, that
was in a finite form. Finite solutions can be obtained
rather easily but not infinite problems.
We began with the more general transportational pro
blem, then moved to a more sophisticated model that of the
(PCS) Pool Control System model. That model proved to be
a more advanced type of mathematical transportation type
problem that exist today.
Todays system of everyday problems can best be fitted
into the form of some mathematical model. The use of their
techniques in Economics, Natural and Physical Science, Com
puter Science, Humanities and other fields of interest have
used mathematical modeling to interpret and instruct people
to ways of making a better life for theirselves. Furthermore
31
32
with the use of mathematical modeling in the area of trans
portation many of its problems can be readily solved.
Therefore, it has been shown, as was stated in chap
ter 3 that even though there are many ways by which a pro
blem can be solved, there is not a model that can be said
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